This paper is concerned with the design of discrete time sliding mode controller to sensorless flexible rotor-magnetic bearing systems (SFR-MBS). The plant dynamics, consisting of actuator dynamics and flexible rotor dynamics, are described. A variable structure system (VSS) disturbance observer, with which the state vector and disturbance can be estimated simultaneously, is investigated to compensate the mismatched disturbance.
One of main claims against these approaches is that robustness is not guaranteed in the entire operating range. Another drawback is that the plant model used in these references was simplified and idealized by only considering the rigid model of rotor.
As a precise and robust control theory, the variable structure system (VSS) with sliding mode control (SMC) has been considered for the magnetic levitation and magnetic bearing systems3),4). The main advantage of the sliding mode control method is that the system can be easily designed to be robust with respect to matching condition5),6). However, there exists some drawbacks which was imposed on SMC in many practical applications. One of these drawbacks is the resultant control may yield overconservative feedback gains due to overestimated bounds on system perturbations, which can cause an inevi- Based on the studies of linear observer design, some research has recently been conducted on SMC with a linear disturbance observer to obtain the lower swit- 
Modeling of SFR-MBS
The dynamics of the sensorless flexible-rotor magnetic bearing system will be described in this section.
In this study, the flexible-rotor magnetic bearing model is constuctured from a high speed grinding spindle, which can be regarded as consisting of 12 elements of a model based on the finite element method (FEM) shown in Fig. 1 .
Flexible rotor dynamics
From the FEM model shown in Fig. 1 The flexible rotor shown in Fig. 1 is suspended by the attractive forces given in Eq. (5) Considering the damping ratio in the rotor and separating the bias attractive forces and the control forces of Eq. (6) The derivative of L1(i0+i) in Eq. (10) is given by
where v=dx/dt is the rotor velocity at the position of the actuators.
From Eq. (12) the actuator dynamic equation Next, switching matrix S must be determined so that the eigenvalues of Eq. (39a) lie within the unit circle. We extend the method of robust stability specification, which is used in continuous system design, into discrete time system to design the switching manifolds5). For discrete time system the switching matrix S can be given by here P is the solution of the algebraic matrix Riccati Fig. 3 Step reference responses at positions x5 and x11 (2) By using the proposed control method, the unstable modes can be controlled with very strong stability and the prescribed tracking performance without any chattering is also obtained.
By means of studied control scheme, the effect of the parameter variations and disturbances in this system, which satisfy the matching condition, can be nullified to obtain robust performance. 
